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For several  years  t he  Food and Agriculture Program (FAP) has worked closely with 
collaborating institutions in over  20 countries t o  develop a global system of linked 
national agricultural policy models. This system is now used f o r  implementing ap- 
plied studies. One of these studies is devoted t o  the  liberalization of agricultural 
t rade ,  and the  o the r  t o  hunger and development issues. Evaluation of alternative 
national and international policies tha t  can help reduce  the  number of hungry and 
malnourished people in the  world has been a major topic of the  second study. 
In this paper ,  Vladimir Iakimets describes t he  illustrative resu l t s  of t he  scenario 
MARS (Mutual Arms Reduction Scenario) developed by him f o r  exploring conse- 
quences of redirecting government expenditures from military t o  civil purposes on 
countries' economic development and reduction in hunger. These resul ts  show tha t  
redirection of even small amounts of funds now spent  f o r  military purposes, has  a n  
impact on the  solution of problems of civil economy at both global and national lev- 
els. 
Vitali Kaf tanov 
Deputy Director 
ABSTRACT 
In this paper the preliminary simulation results of the implementations of the Mutu- 
al Arms Reduction Scenarios (MARS), with the Basic Linked System (BLS) of nation- 
a l  agricultural policy models, are  described. 
I am very grateful to  Kirit Parikh, Ferenc Rabar, and Janos Hrabovszky for fruit- 
ful discussions, to  Gunther Fischer and Gerhard Kromer for assistance with the 
programmed implementation of the MARS runs, and to Jan Morovic and Laszlo Zeold 
for plotting the results of simulation. 
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1. Introduction 
In t h ree  previous published papers  written by the  author  (Iakimets 1985a, 
Iakimets 1985b, Iakimets 1985c), t h e  main ideas f o r  t h e  development of t he  MARS 
(Mutual Arms Reduction Scenarios) f o r  t he  Food and Agriculture Program's (FAP) 
study "Hunger, Growth and Equity" were described. In t he  f i r s t  pape r  objectives 
of t h e  MARS, i t s  importance, assumptions f o r  i t s  construction, problems t o  be  
solved, as well as t h e  description of i ts  s t ruc ture  w e r e  given. The second pape r  
contains t h e  formal description of t he  hypotheses relating t o  desired dynamics of 
annual reduction in a country's military expenditure. 
The th i rd  paper  w a s  devoted t o  a detailed consideration of two versions of t h e  
scenario 's  implementation with t h e  BLS (MARS 1 and MARS 2) including methodolog- 
ical and formalized descriptions of variants f o r  t he  solution of problems of t h e  
MARS implementation s tated in t h e  f i r s t  paper  (Iakimets, 1985a). 
2. Preliminary Explanations 
To begin the  description of t he  MARS 1 and MARS 2 resul ts  w e  need t o  clarify 
t h e  following items. 
1. These resul ts  are based on simulation runs  of t h e  BLS under a set of 
hypotheses and assumptions of behavior of national models, and can b e  con- 
sidered as completely illustrative ones. 
2. Results described in t h e  paper  are related t o  t he  case  when t h e  values of t h e  
coefficients f o r  annual reduction of military expenditures a ( t )  were accepted 
conditionally as fixed ones f o r  t = T f o r  t h r e e  eategories  of countries accord- 
ing t o  Table 1 in Iakimets (1985~) .  
3. For the  MARS 2 the  al ternat ive version (different t o  Iakimets ( 1 9 8 5 ~ ) )  f o r  cal- 
culation of a country's s h a r e  in t h e  Additional International Donation (AID) 
fund w a s  used, namely 
with 
where 
I 
According to this var iant  a country's sha re  in t he  AID fund will be  proportional to 
i t 's  population, weighted by w j  where 
popj(t) i s  population of j-th country,  
GDPf(t) is  GDP p e r  caput  of j-th country,  
AIDj(t) is  s h a r e  of j-th country in total  AID fund. 
4. When comparing plots given in this  paper  w e  need to b e a r  in mind t h a t  the  only 
relat ive changes of corresponding indicators are used. In one case these are 
changes of indicator values under MARS 1 (o r  MARS 2) re la t ive t o  such values 
f o r  t he  re fe rence  scenario,  and in another  case these are changes of t he  
above mentioned values under MARS 2 relat ive t o  those for MARS 1. 
5. The following notations for distinction of resul ts  on the plots were accepted: 
A 1  means MARS 1 
A4 means MARS 2 
RO means r e f e r ence  scenario 
Finally, when comparing changes of indicators given on t h e  plots, t he  differ- 
ences  in scales  used should b e  taken into account. 
6.  The models of the  regional country groups have number codes from 901 t o  
913. These were constructed using resul ts  of t h e  FA0 study, (FAO, 1981). 
7. All details about t h e  methodology f o r  t h e  construction and running of the  BLS, 
developed by t h e  FAP team, can  b e  found in Fischer,  et al. (forthcoming). 
3. The Description of the MARS Results 
3.1. Some notes about comparison of results for the reference and 
scenario runs 
According to t h e  FAP approach,  t w o  types  of runs  are discerned: the  re fe r -  
ence  and scenario runs.  By definition t he  r e f e r ence  run  i s  when all national 
models simulate t h e  behavior of countries '  economies on t h e  basis of relationships 
revealed f o r  t h e  historical period of 15 - 20 years.  Within the  r e f e r ence  run each 
model which is  interlinked with o the r  models of t h e  BLS, has  to reproduce as 
closely as possible observed values of a number of general  and commodity-wise 
indicators f o r  a country f o r  th i s  historical period and i t  has  to produce such 
values f o r  t h e  period of simulation of t h e  next 15-20 yea r s  under an  assumption 
t h a t  no s t ruc tura l  changes in i ts  economy occur.  Within t h e  scenario run,  each 
model interlinked with o t h e r  models of t h e  BLS has  to genera te  "new" values of t he  
same indicators reflecting corresponding changes of national and international 
policies according to t h e  developed scenario.  
When comparing t h e  resul ts  of t h e  r e f e r ence  and scenario runs  one can  see 
the  impact of various policies on world and national economy. Such a comparison 
of resul ts  of simulation can  b e  made in principle, both in quantitative and qualita- 
t ive ways. However, t h e  appropr ia te  comparison of resul ts  of two runs is  a quali- 
ta t ive one. I t  means t h a t  resu l t s  of runs  should b e  in te rpre ted  from t h e  point of 
view of tendencies in changing of re la t ive values of basic and commodity-wise indi- 
cators f o r  a country and f o r  t h e  world as a whole. An appropr ia te  approach to 
such a qualitative cross countries ( o r  cross commodities) comparison seems to be  
t h e  application of t h e  order ing relation. In o the r  words comparing resul ts  of runs  
one can  use such types of order ing relations as "more-less", "better-worse", 
"faster-slower" and so on. 
When describing the  resul ts  of the  MARS the  above mentioned a r e  kept in 
mind. 
3.2. Categorization of the MARS results 
It seems reasonable t o  classify the  resul ts  of both MARS 1 and MARS 2 into 2 
categories,  namely, expected and counter-intuitive ones. 
Ezpected resul t s  are those which can be  predicted with a high level of cer- 
tainty on the  basis of traditional logical analysis of t he  possible behavior of 
national models under the  impact of changes in policies given by t h e  scenario. In a 
determined sense these resul ts  have little o r  no dependence upon the  interaction 
of separa te  models. 
Counter in tu i t i ve  results  are those which strongly depend upon t h e  interac- 
tion of national models fo r  t he  simulation period and which cannot b e  predicted on 
t h e  basis of traditional logical analysis o r  predictions of which are highly uncer- 
tain. 
With the  f i r s t  category t r iv ia l  and interest ing expected results are dis- 
cerned. 
3.3. Expected trivial r d t s  
It i s  c l ea r  and self-evident, on t h e  basis of traditional logical considerations, 
tha t  redirecting resources used now f o r  military expenditures into development- 
oriented investment would lead to improvement of basic economic and welfare indi- 
ca tors  f o r  separa te  countries and f o r  the  world economy a s  a whole. Moreover, 
t he re  are a number of o the r  studies which have already showed such results. 
According to  the  scenario description w e  expected that  values of such indica- 
t o r s  as 
- total gross  world production as well as gross world production of agricultural 
and nonagricultural goods; 
- world production of various agricultural commodities; 
- gross domestic product of separa te  countries; 
- calorie and protein supply p e r  caput in countries , 
would be higher under various versions of the  MARS than under the  reference 
scenario. 
All these trivial expected results are obtained as can b e  seen from Figures 1- 
15 where relative changes of some of the  above mentioned basic indicators a r e  
given. 
Thus the  world production of each commodity fo r  both versions of t he  MARS is  
higher than f o r  t h e  re ference  run  (see Figures 2-5 and 9-12 f o r  wheat, rice,  and 
dairy commodities and f o r  non-agriculture) and i t  is higher f o r  t he  MARS 2 if com- 
pared to t he  MARS 1. 
Absolutely the  same tendencies of changes are obtained fo r  such basic indica- 
tors as G D P  and calories supply, p e r  caput f o r  separa te  countries (see Figures 6-8 
and 13-15). 
W e  expected also tha t  a number of additional welfare indicators which are 
derivates from basic indicators (such a s  number of people in hunger, life expec- 
tancy a t  birth in years ,  infant mortality) will show positive changes f o r  each coun- 
t r y  under the  MARS in comparison with reference run. These expectations were 
also fulfilled (see Figures 16-19 f o r  4 selected countries). 
3.4. Expected interesting results 
Expecting t h e  increase of world production of different commodities under 
t h e  MARS relat ive to t h e  r e f e r ence  scenario w e  could only guess f o r  which commo- 
dity such an  increase would be  higher  as well as what differences in world produc- 
tion of s epa ra t e  commodities would occur  under different versions of t he  MARS. 
When comparing the  resul ts  w e  found, f o r  example, t ha t  re la t ive increase in 
world production of r i c e  is  high f o r  both MARS 1 and MARS 2 in comparison with 
o t h e r  agr icul tural  commodities (see Figures 20-22 f o r  wheat, r i c e  and dairy). This 
interesting result  could b e  explained as follows: most of t h e  countries which 
received some s h a r e  of t h e  AID funds within t h e  MARS are major rice-producing 
and rice-consuming countries. That i s  why it  i s  natural  tha t  this  aid received pro- 
vides t h e  increase of r i c e  production in these  countries (India, Indonesia, Pakis- 
tan,  etc.), and in t h e  world as a whole. 
The o t h e r  interesting resu l t  is  t ha t  t h e  world production of non-agricultural 
goods remains under t h e  MARS 2 approximately t h e  same as under t he  MARS 1 (see 
Figure 23). The interpretat ion of this  resu l t  i s  t he  following. The increment of 
production of non-agricultural goods in countries which are t h e  AID recipients 
under t h e  MARS 2 i s  compatible with slight decreasing of such production f o r  coun- 
t r i e s  which are major donors to t h e  AID under t he  MARS 2 in comparison with t h e  
MARS 1. 
In some sense this  interpretat ion is  also confirmed if we compare relat ive 
changes in GDP f o r  s epa ra t e  countries (see Figure 24). According to this  f igure 
such countries as New Zealand, Canada, Argentina and Australia, which are donors 
to t h e  AID, will have under t h e  MARS 2 approximately t h e  same relat ive increment 
in GDP as under t he  MARS 1 (see also Figures 6 and 13). However, group B coun- 
t r ies ,  which are major recipients  from t h e  AID (India and Indonesia) will have t h e  
highest re la t ive increment in GDP under t he  MARS 2 in comparison with t he  MARS 1 
(see Figure 24). The same da t a  f o r  o t h e r  selected countries i s  given in Figure 25. 
I t  i s  interesting t h a t  approximately t he  same order ing of countr ies  from the  
point of view of re la t ive increment of such indicators as calor ies  supply p e r  caput  
remains when resu l t s  of t h e  MARS 2 are compared with those f o r  t h e  MARS 1 (see 
Figure 26). 
Of course  we also expected t ha t  t h e  LDC's under t h e  MARS will have t h e  
highest re la t ive increment in GDP, calor ie  and protein supply p e r  caput etc. ,  than 
DC's within t h e  group of countr ies  with t h e  same value of annual reduction of mili- 
t a r y  expenditures. This i s  obvious, f o r  example, because t h e  initial absolute 
values of GDP of those categories  of countr ies  are essentially different. However, 
it i s  interesting to see t h a t  order ing of selected countries by relat ive increment of 
t h e  above mentioned indicators will be  different  in t h e  case of t h e  MARS 2 com- 
pared  to t h e  MARS 1 (compare corresponding Figures 6-8, 13-15). The interpreta-  
tion i s  t h e  following: economies of countr ies  which change the i r  places in order ing 
under t h e  MARS 2 in comparison with t he  MARS 1 ,  are sensitive to international 
aid. This expected interesting resu l t  about sensitivity of different countries to 
international aid i s  also confirmed if w e  compare tendencies in re la t ive changes of 
so-called derivative indicator as "number of people in hunger" f o r  selected coun- 
t r i e s  under both versions of t he  MARS (see Figures 27-30). 
Such countr ies  as Indonesia and low income country grouping (Nepal, Burma, 
S r i  Lanka, Bangladesh) are more sensitive than f o r  example, Thailand, and high 
income food importing Latin American countries (Jamaica, Trinidad and Tobago, 
Chile, Pe ru ,  and Venezuela). 
To give some idea about t h e  distribution of AID fund among "poor" LDC's, see 
Figures 31, 32  and 33 which reproduce  such da ta  for 1990 and 2000. 
3.5. Counter-intuitive acceptable results 
Apparently t h e  most interesting resul ts  f o r  this  scenar io  are those w e  called 
counter-intuitive acceptable  results.  As an  example of such kind of resu l t s  w e  con- 
s ider  in this  paper ,  those concerning relat ive changes of world market  p r ices  and 
world ne t  expor t  of s epa ra t e  agr icul tural  commodities and self-sufficiency r a t i o  of 
countr ies  in these  commodities. 
Thus when comparing resu l t s  of both t h e  MARS runs  w e  found t h a t  world 
market p r i ce s  of wheat and world net  expor t  of wheat are practically not different 
f o r  both versions of t h e  scenario from those f o r  t h e  r e f e r ence  scenario (see Fig- 
u r e s  34-39). Values of those commodity-wise indicators f o r  dairy commodities 
became slightly higher  f o r  both scenarios  runs  in comparison to t h e  r e f e r ence  run  
(see Figures 40-43), and correspondingly higher f o r  t h e  MARS 2 in comparison to 
t he  MARS 1 (see Figures 44, 45). I t  is, however. s t range  tha t  increases  in t h e  
p r i ce  of dairy coincides with t h e  growth of ne t  world export.  However, t h e  most 
essential  changes of these  indicators occur  f o r  r i c e  (see corresponding Figures 
46-51). The most interesting observation is  t h a t  f o r  MARS 1 we obtain t h e  decreas-  
ing relat ive pr ices  of r i c e  (Figure 46) with practically unchanged world net  expor t  
of this  commodity. This means t h a t  utilization of t he i r  own released fund f o r  inter- 
nal purposes mainly affects  t h e  growth of domestic production of r i c e  within major 
rice-producing countries,  and leads to growth of volumes of r i c e  on t h e  world 
market keeping the  value of ne t  world expor t  as i t  i s  in t h e  r e f e r ence  run  because 
t he  world market p r i ce s  were decreased.  
In t h e  case of t h e  MARS 2, when "poor" LDC's received the i r  s h a r e  of t h e  AID, 
t he  world market  p r ices  went down fu r the r  (see Figure 47)' and ne t  world expor t  of 
this  commodity increased (Figure 49). Corresponding plots f o r  comparison of rela- 
tive values of world market  p r ice ,  and ne t  world expor t s  f o r  r i c e  f o r  MARS 2 rela- 
t ive  to MARS 1 show more evidently t h a t  tendency (Figures 50  and 51). 
This resu l t  can b e  in te rpre ted  as follows. The largest  s h a r e  of t h e  AID i s  dis- 
t r ibuted among LDC's, which are t h e  major rice-producing and rice-consuming 
countries (see Figures 32  and 33). These countries improve t h e i r  own production 
of r ice .  Probably mainly due to this  reason, t h e  calor ies  and protein supply p e r  
caput  i s  a lso increased (see Figures 8 ,  15,  26). The world market p r i ce  of r i c e  i s  
going down and ne t  world expor t  i s  going up. 
I t  i s  interesting to note t ha t  such a tendency has  a st rong impact on relat ive 
values of t h e  country-specific self-sufficiency r a t i o  f o r  r i c e  (see Figures 52-53). 
Because t he  world market p r i ce s  of r i c e  go down, some major rice-consuming coun- 
t r ies ,  a p a r t  from the i r  own r i c e  production, then also increase t he i r  imports and 
expor t s  of r ice .  This leads to decreasing self-sufficiency r a t i o  of th i s  commodity 
f o r  many such countries.  I t  should b e  noted tha t  f o r  t he  MARS 2 (see Figure 53) 
such a tendency becomes more distinct (see also Figure 54  f o r  comparison of 
resu l t s  f o r  MARS 2 relat ive to MARS 1).  
I t  i s  a completely different case f o r  wheat. For  m o s t  countr ies  self- 
sufficiency of wheat i s  higher  f o r  both versions of t h e  MARS (see Figures 55-56). 
and t h e r e  is  practically no changes in values of th i s  indicator between MARS 1 and 
MARS 2 (Figure 57). If w e  compare changes in this  indicator f o r  dairy,  one can  see 
t h a t  when many countr ies  keep the i r  self-sufficiency r a t i o  f o r  th i s  commodity 
practically unchanged, t h e r e  are countries where this  indicator becomes b e t t e r  
(Indonesia, Thailand, Kenya), and countries where this  indicator is decreased  
(Nigeria, Egypt). (See corresponding plots on Figures 58-60.) 
It is very interesting to  compare also the  behavior of countries from the  point 
of view of the i r  self-sufficiency ra t io  in non-agricultural production (see Figures 
61-63). Two countries (India and Kenya) have opposite tendencies: f o r  India one 
sees  an  increase of relative values fo r  this indicator, and f o r  Kenya vice versa. I t  
should be  mentioned tha t  such tendencies remain fo r  both versions of the  MARS. 
A t  t he  same time all o the r  countries have practically unchanged values f o r  t he  
indicator. One possible interpretation f o r  additional investment in India is that  i t  
does not matter which source (own released fund o r  from AID) helps f i r s t  of all f o r  
growth of non-agricultural production. 
4. Conclusions 
The main advantage of t he  BLS is probably tha t  t he  resul ts  of i ts simulation 
allow to  t r a c e  the  dynamic changes of both general and agricultural commodity- 
wise indicators on national and international levels under various assumed national 
policies and transformations of t he  world market mechanism. 
Experience of t he  MARS implementation with the  BLS shows tha t  this system is  
quite an  appropriate  tool f o r  the study of corresponding complex applied economic 
issues like t h e  world hunger problem. 
Thus, t he  resul ts  called in this paper  as expected trivial ones, i l lustrate the  
reasonable (from the  point of view of traditional analysis) behavior of the  
interacting system of national agricultural policy models. 
The so-called expected interesting results of t h e  MARS show tha t  models of 
individual countries r e a c t  in different ways to  the  same rule  in the  creation and 
distribution of t he  Additional International Donation fund reflecting the  differ- 
ences in "current states" of i t s  economies. 
Results we called as counter-intuitive acceptable ones il lustrate in some sense 
the  "power" of the BLS as a tool f o r  studying the  complex economic issues because 
these resul ts  are mainly based on interactions of models and those could hardly be 
produced only on the  basis of traditional analysis. Finally, w e  would like to  point 
out once more tha t  all t he  resul ts  of t he  BLS runs are illustrative ones which only 
show possible directions and tendencies in countries' reactions t o  reducing the i r  
military expenditures, because conditional and low sha res  of the  GDP redirecting 
t o  civil purposes w e r e  accepted. For instance, if one takes da ta  from SIPRI 
(1986). then the  above tendencies are revealed more sharply. Hence the  resul ts  
described he re  should b e  considered as some theoretically induced simulation find- 
ings which can help in t h e  be t t e r  understanding of problems of real life and also 
f o r  developing a more detailed version of the  MARS. 
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Appendix 1 - Simplified Country Grouping Models (901-913) 
AFR Oil Exp 
AFR M CAL Ex 
AFR M CAL Im 
AFR L CAL Ex 
AFR L CAL Im 
LAM H CAL Ex 
L A M  H CAL Im 
L A M  LM 
FEA MH CAL Ex 
FEA MH CAI, Im 
FEA LOW 
N E A  OiI Exp 
N E A  LM 
africa, oil exporters 
africa, medium income/caLorie exporters 
africa, medium income/calorie importers 
africa, low income/caLorie exporters 
af rica, low income/calorie importers 
latin america, high income/caLorie exporters 
latin america, high income/calorie importers 
latin america, Iow-medium income 
fa r  east asia, medium-high income calorie exporters 
f a r  east asia, medium-high income calorie importers 
fa r  east asia, low income 
near east asia, oil exporters, high income 
near east asia, low-medium income 
